This study aimed to investigate how low temperature alters the sex expression of monoecious cucumbers (Cucumis sativus L.). Plants were grown under different day/night temperature regimes, 28°C/18°C (12 h/12 h), 18°C/12°C, 28°C/12°C, and 28°C/(6 h 18°C+6 h 12°C). It was found that plant femaleness is highest in the 28°C/(6 h 18°C+6 h 12°C) treatment. Analysis of endogenous phytohormones and sugars in the shoot apex revealed that plant femaleness is positively correlated with the levels of ethylene, abscisic acid (ABA), glucose, and sucrose. Exogenous application experiments suggest that ABA and ethylene biosynthesis, as well as plant femaleness, was enhanced by glucose, sucrose, and mannose, but not by 3-O-methylglucose. Exogenous ABA had no significant effect on ethylene biosynthesis and plant femaleness. Both low temperature-and sugar-induced ABA biosynthesis, ethylene evolution, and plant femaleness can be antagonized by the hexokinase inhibitor glucosamine and the ABA biosynthesis inhibitor nordihydroguaiaretic acid. It is concluded that the enhancement of cucumber femaleness under various temperature regimes is induced by elevated levels of glucose and sucrose in the shoot apex through a sugar signalling pathway involving hexokinase.
Introduction
Cucumber (Cucumis sativus L.) has served as a model plant for sex expression research for many years (Malepszy and Niemirowicz-Szczytt, 1991; Yamasaki et al., 2003; Tanurdzic and Banks, 2004) . Genetically, there are three major loci determining the sex expression of cucumber plants, named F, M, and A (Pierce and Werner, 1990) . Put simply, the F gene promotes femaleness while the M gene determines whether flowers are unisexual (Mibus and Tatlioglu, 2004) . Recent research suggests that the F gene encodes a 1-aminocyclopropane-1-carboxylate (ACC) synthase and the M locus may be associated with the ETHYLENE-INSENSITIVE3 gene (Liu et al., 2008; Li et al., 2009) . The A gene is epistatic to F, and it is also required for the expression of femaleness (Tanurdzic and Banks, 2004) . Cucumber plants are mostly monoecious (Mff), but can be gynoecious (MF), hermaphroditic (mmF), or andromonoecious (mmff), depending on the genotype (Tanurdzic and Banks, 2004) . On the other hand, environmental factors, such as light, temperature, nitrogen application, and mechanical stress, also affect sex expression of cucumber (Ito and Saito, 1958, 1960; Atsmon and Galun, 1962; Galun, 1962; Takahashi and Suge, 1980; Bachman and McMahon, 1997) .
The male to female flower ratio of cucumber plants is also regulated by plant hormones, among which ethylene plays a predominant role. For example, gynoecious plants always evolve greater quantities of ethylene than monoecious plants (Rudich et al., 1972a; Trebitsh et al., 1997) . Short day conditions that increase ethylene evolution promote femaleness (Rudich et al., 1972a; Yamasaki et al., 2003) . Exogenous application of ethylene or ethylenereleasing compounds to monoecious cucumber plants enhances the formation of female flowers (MacMurray and Miller, 1968; Yamasaki et al., 2003) . However, gibberellins (GAs) have a negative effect on female flower formation of cucumber. Monoecious cucumber plants contain higher GA levels than gynoecious lines (Atsmon et al., 1968) , and exogenous GAs can increase maleness and delay female flower formation (Peterson and Anhder, 1960) . Yin and Quinn (1995) suggested that GAs may act upstream of ethylene through negatively regulating ethylene production. At present, it is unclear how auxin affects cucumber sex expression. Previous studies suggested that endogenous auxin may not play a major role in the control of sex expression (Saito and Ito, 1964; Trebitsh et al., 1987) . However, external auxin treatment stimulates ethylene production, leading to an induction of female flower formation (Takahashi and Jaffe, 1984; Trebitsh et al., 1997) . Abscisic acid (ABA) may also participate in the regulation of sex expression in cucumbers. Rudich et al. (1972b) found that the ABA content of gynoecious plants is higher than that of monoecious plants, and root treatment with ABA can increase femaleness. Besides the above-mentioned plant hormones, brassinosteroid and polyamines may also have some effects on cucumber sex expression (Papadopoulou and Grumet, 2005; Wang et al., 2007) .
It is unknown whether sugar signalling is involved in the regulation of plant sex expression, although it has been reported that a range of vital processes of plant growth and development, as well as responses to biotic and abiotic stress, are modulated by sugars (Hanson and Smeekens, 2009) . Hexokinase (HXK) is an important sugar sensor, and both a HXK-dependent and -independent signalling pathways exist in plants (Xiao et al., 2000) . There is a complex interaction between sugar and hormonal signalling pathways (Leó n and Sheen, 2003) . ABA and ethylene are two major hormones closely involved in sugar signalling (Leó n and Sheen, 2003; Rolland et al., 2006) . In many cases, there is a positive interaction between sugar and ABA signalling and an antagonistic relationship between sugar and ethylene signalling (Hanson and Smeekens, 2009 ). To date, information about sugar signalling has mostly been obtained by Arabidopsis mutant analysis, and its function in other high plants needs further investigation.
In addition to daylength, temperature is another important environmental factor that affects cucumber sex expression, and it has been shown that low temperature is preferable for the formation of female flowers (Ito and Saito, 1957; Fukushima et al., 1968; Cantliffe, 1981) . Although it was reported that female flower formation is positively correlated with the level of ethylene under different growth conditions (Rudich et al., 1972a,b; Yamasaki et al., 2003) , the mechanism by which these environmental factors affect ethylene biosynthesis is not clear. This study aimed to investigate how low temperature affects ethylene biosynthesis and cucumber femaleness. Based on the results presented herein, possible roles for sugar and ABA signalling in the sex expression response of monoecious cucumber to low temperature are suggested.
Materials and methods
Plant growth conditions A monoecious cucumber (C. sativus L.) cultivar Jinyan 4 (from Tianjin Cucumber Institute, China) was used in this study. Seeds were sown in 30330 cm plastic pots containing a peat-vermiculite mixture (2:1, v/v) on 10 March 2009. The pots were placed in the naturally lit temperature-controlled greenhouses at Yangzhou University (119°42' E, 32°24' N). The temperature control accuracy was 61°C during the day and 60.5°C during the night in these greenhouses. The seedlings were thinned to one per pot 5 d after germination. Plants were watered once daily and fertilized weekly with Hoagland nutrient solution. All plants were maintained in a single-stem condition by mechanical removal of all lateral branches. The temperature in the greenhouses was maintained at 28°C/18°C (day/night) before and after temperature treatments. The 'day' refers to the 12 h period from 6:00 to 18:00, and the 'night' refers to the 12 h period from 18:00 to 6:00 in this experiment, regardless of the real photoperiod during the season. The relative humidity was controlled at 7065% in all greenhouses throughout the experiment.
Treatments with low temperature, exogenous sugars, ABA, and inhibitors Five day/night temperature regimes were designed. They were: A, 28°C/18°C (12 h/12 h, day/night); B, 18°C/12°C; C, 28°C/12°C; D and E, 28°C/(6 h 18°C+6 h 12°C). A, B, C, and D were carried out from 10 days after sowing (DAS) (cotyledon stage) to 40 DAS (about the 4-to 5-leaf stage), while E was carried out from 10 DAS to 20 DAS (about the1-leaf stage). Different temperature treatments were accomplished in five neighbouring greenhouses. The percentage of nodes with female flowers was recorded up to node 20 on the main stem of each plant. Shoot apex samples were collected at 13:00 on 10, 20, 30, or 40 DAS for endogenous phytohormone and carbohydrate assay. In all experiments, the shoot apex samples contained immature leaves shorter than 2 cm in length. Samples were frozen in liquid nitrogen immediately after harvest and stored at -80°C, except those used for ethylene assay.
Exogenous sugars, ABA, and inhibitors were applied to plants under two temperature conditions. For experiment 1, plants were grown under a 28°C/18°C condition and treated with 50 mM sucrose, 100 mM glucose, 10 mM mannose, 50 mM 3-Omethylglucose, 50 mM sucrose+10 mM glucosamine, 100 mM glucose+1 mM glucosamine, 0.1 mM ABA, or 100 mM glucose+0.01 mM nordihydroguaiaretic acid (NDGA) in 0.05% Tween-20. For experiment 2, plants were grown under a 28°C/(6 h 18°C+6 h 12°C) regime and treated with 10 mM glucosamine or 0.0 1mM NDGA in 0.05% Tween-20. All treatments were repeated every other day at 13:00 from 10 DAS to 40 DAS (in total 16 times for each treatment). Solutions were applied with a micropipette to shoot apices (100 ll per plant each time). Control plants were treated with 0.05% Tween-20 solution. Samples for endogenous sugar, ABA, and ethylene assay and gene expression analysis were collected at 13:00 on 41 DAS.
Ethylene quantification
Ethylene evolution from the excised shoot apices was measured by enclosing samples in a 20 ml airtight vial for 16 h at 25°C, then withdrawing 1 ml of headspace gas. The ethylene level was measured by a gas chromatograph (model GC-4CM, Shimadzu, Japan) fitted with a flame ionization detector and an activated alumina column. The instrument was calibrated with an ethylene gas standard (Yamasaki et al., 2003) .
Determination of endogenous plant hormones and carbohydrates
Endogenous plant hormones were extracted and quantified essentially as described by Yuan et al. (2008) . Briefly, frozen samples were finely ground in liquid nitrogen, and 2 g of powder was extracted by 5 ml of cold 80% (v/v) methanol at 4°C for 4 h, and repeated three times. The supernatants were pooled and passed through a C18 Sep-Pak cartridge (Waters, Milford, USA). The efflux was evaporated to dryness in vacuo at 40°C. The dried extracts were dissolved in 1 ml of the mobile phase [consisting of 60% (v/v) methanol/0.1% (v/v) phosphoric acid] and used for HPLC analysis. HPLC analysis was conducted using a computerassisted HP1100 (Agilent Technologies) and a ZORBAX SB-C18 (Agilent Technologies) column (4.63250 mm, 5 lm). The mobile phase as described above was used in HPLC analysis after filtration through a 0.25 lm filter. The flow rate was 0.5 ml min À1 , the temperature of the column was 45°C, and the detection wavelength was 270 nm. The grade concentrations of standards (Sigma, China) were used for constructing the external standard curves. Indole acetic acid (IAA), zeatin (ZT), GA 3 , and ABA were identified based on comparison of retention times and quantified using the standard curves.
Glucose, sucrose, mannose, and 3-O-methylglucose were extracted and analysed by HPLC as described previously (Miao et al., 2007) .
Analysis of gene expression by real-time reverse transcription-PCR (RT-PCR)
Total RNA was extracted from ;100 mg of shoot apex tissue using the Trizol reagent (Invitrogen, China). RT-PCR was performed using the One Step SYBR PrimeScript RT-PCR Kit (TaKaRa, China) on an ABI PRISM 7700 sequence detection system (Applied Biosystems, China) following the manufacturer's instruction. After the reverse transcription reaction at 42°C for 15 min followed by heating at 95°C for 10 s, the target genes were amplified in 40 cycles of 95°C for 5 s and 60°C for 20 s. In all analyses, the cucumber 18S rRNA gene was used for normalization. The sequences of the primers were as follows: 18S rRNA (+)5-TCTATAGCCTTGGCCGACAG, (-)5-TACAA-AGGGCAGGGACGTAG; zeaxanthin epoxidase (ZEP) (+) 5-CTTTGTTTCCTCAGACGTCGGT, (-)5-CTGTCACATTGTC-ACACCAACC; ACC synthase 2 (ASC2) (+)5-TCTCCTCCGAC-GAGTTCACA, (-)5-GAATAGATCGTGCCGACTCTG. All primers were confirmed to be ; 90-100% efficient in amplification, and the 2 -DDCT method (Livak and Schmittgen, 2001 ) was used for analysis.
Results

Plant sex expression under different temperature treatments
To investigate how temperature affects the sex expression of monoecious cucumbers, different day/night temperature treatments were designed as shown in Table 1 . Generally speaking, low temperature promoted femaleness, and reducing the night temperature alone (28°C/12°C) is more effective to improve femaleness than reducing both the day and night temperatures (18°C/12°C), as described in previous studiess (Ito and Saito, 1957; Fukushima et al., 1968; Cantliffe, 1981) . However, it was found that low temperature treatment in the latter half of the night (28°C/ (6 h 18°C+6 h 12°C) is preferable to low temperature treatment for the whole night (28°C/12°C) for female flower formation. The results suggest that low temperature or low night temperature may be not the direct regulator of cucumber femaleness.
Levels of ethylene, ABA, glucose, and sucrose in cucumber shoot apex are positively correlated with plant femaleness under different temperature regimes
Since the levels of phytohormones and sugars in cucumber tissues always have different diurnal fluctuation patterns under different conditions (Pharr et al., 1985; Yamasaki et al., 2003) , the time point of sampling is critical for comparison of the level of phytohormones and sugars among treatments. To determine the representative time point, the diurnal patterns of the tested phytohormones and sugars were examined on the 20th day of treatments A, B, and C. The results show that the levels of IAA, ZT, GA 3 , and ABA were relatively consistent during the day (data not shown), while ethylene, sucrose, and glucose appeared to have similar diurnal rhythms among treatments (Supplementary Figs S1, S2, S3 at JXB online). These data indicate that comparison of phytohormones and sugars among treatments would not be affected by the time of sampling. Thus, 13:00 was chosen as the time point for all samplings in the following experiments.
It is known that ethylene is the most important phytohormone for regulation of cucumber sex expression (Trebitsh et al., 1997; Yamasaki et al., 2003) . To examine whether ethylene evolution from cucumber shoot apex is altered under different temperature regimes, the ethylene evolution of treated plants was measured. As expected, a positive correlation was observed between ethylene release and the percentage of nodes with female flowers among the different temperature treatments (Tables 1, 2; Fig. 1 ). The level of IAA, GA 3 , ZT, and ABA of treated plants was also measured. It was found that IAA and GA 3 levels in cucumber shoot apices were not affected by the temperature (Fig. 2a, c) , whereas the ZT content was significantly reduced after 10 d of 18°C/12°C (day/night) treatment (Fig. 2b) . Interestingly, it was found that ABA was positively correlated with both plant femaleness and ethylene evolution ( Fig.  2d ; Table 2 ). The glucose and sucrose levels in cucumber shoot apices under different temperature conditions were investigated further for two reasons. First, cucumber plants always accumulate more sugars in leaves under normal day-low night temperature thermoperiods (similar to treatment C) than under normal thermoperiods (similar to treatment A; Miao et al., 2007) . Secondly, there is an intricate cross-talk among sugar signalling, ABA, and ethylene hormonal pathways, while glucose and sucrose are two major sugars involved in sugar signalling (Leó n and Sheen, 2003) . It was found that both glucose and sucrose levels in cucumber shoot apices were positively correlated with the plant femaleness (or ABA and ethylene levels) under different temperature conditions (Tables 1, 2; Fig. 2e, f) . In addition, the data shown in Table 1 , Fig. 1, and Fig. 2 also indicate that 10 d temperature treatment is sufficient to alter the hormone or sugar levels, which is correlated with the plant femaleness. These results suggest that sugar and ABA signalling may be involved in the cucumber sex expression response to low temperature.
Effect of exogenous sugars, HXK inhibitor, and ABA biosynthesis inhibitor on ABA and ethylene biosynthesis in shoot apex and plant femaleness
To investigate the role of sugar and ABA signalling in low temperature-induced femaleness of cucumber, and also to check whether the induction is HXK mediated, the effects of glucose, sucrose, mannose (can be phosphorylated by HXK; Graham et al., 1994) Fig. 1 . Effect of different temperature treatments on ethylene evolution from cucumber shoot apices. The treatments A-E were defined as in Table 1 . Samples were collected at 13:00. Each point is the average of five samples. Error bars represent SEs. Fig. 2 . Effect of different temperature treatments on the levels of IAA (a), zeatin (ZT) (b), gibberellin 3 (GA 3 ) (c), ABA (d), glucose (e), and sucrose (f) in cucumber shoot apices. The treatments A-E were defined as in Table 1 . Samples were collected at 13:00. Each point is the average of five samples. Error bars represent SEs.
some combinations of them on ABA and ethylene biosynthesis, as well as plant femaleness, were analysed. The optimal concentrations of these sugars and inhibitors for exogenous application were determined in a pilot experiment (Supplementary Tables S1, S2 at JXB online). Quantitative analysis revealed that the levels of both glucose and sucrose in the shoot apex were enhanced by exogenous application of glucose or sucrose alone, while external mannose and 3-O-methylglucose only increased their own internal reserves (Table 3) . ZEP catalyses the epoxidation of zeaxanthin and antheraxanthin to violaxanthin, a key step of ABA biosynthesis (Xiong and Zhu, 2003) . It was reported that the transcript level of the ZEP gene is raised by glucose in Arabidopsis ( León and Sheen, 2003) . Saito et al. (2007) showed that mRNA accumulation of ACS2 (a key enzyme in the ethylene biosynthesis pathway) in shoot apices was correlated with the genotypes of sex expression in cucumber. In this study, the results suggest that exogenous application of glucose, sucrose, and mannose enhanced the expression of ZEP and ACS2 in cucumber shoot apex (Fig. 3) . Consistent with the transcriptional increase, ABA and ethylene levels in the shoot apex were also up-regulated, which led to enhanced plant femaleness (Table 4) . On the other hand, 3-O-methylglucose did not induce either ABA and ethylene biosynthesis or plant femaleness ( Fig. 3; Table 4 ). In addition, both low temperature-and sugar-induced ABA or ethylene biosynthesis and plant femaleness were antagonized by the HXK inhibitor glucosamine (Figs. 3, 4 ; Tables 4, 5). These results indicate that the observed low temperature induction of ABA and ethylene biosynthesis and plant femaleness operates via a HXK-mediated sugar signalling pathway.
Exogenous ABA application promoted the endogenous ABA biosynthesis significantly, but did not alter the ACS2 expression, ethylene evolution, and plant sex expression ( Fig. 3; Table 4 ). However, the ABA biosynthesis inhibitor NDGA blocked both low temperature-and sugar-induced ethylene biosynthesis and plant femaleness (Figs 3, 4 ; Tables 4, 5). The results suggest that the ABA-mediated pathway is necessary, but ABA alone is not sufficient to trigger ethylene biosynthesis and female flower formation.
Discussion
Although it is well known that the female tendency of monoecious cucumber plants is increased under low temperature conditions (Ito and Saito, 1957; Fukushima et al., 1968; Cantliffe, 1981) , the mechanism of this induction remains unclear. The data presented here indicate that cucumber femaleness is not directly regulated by low temperature or low night temperature themselves, but by the glucose and sucrose accumulation in the shoot apex under certain temperatures, through a pathway involving HXK-mediated sugar signalling. The induction of cucumber femaleness by Table 3 . Endogenous sugar levels (mg g À1 FW) of cucumber shoot apices after exogenous sugar application Plants were grown under the 28°C/18°C (day/night) condition. Samples for endogenous sugar assay were collected at 13:00 on 41 days after sowing. Means 6SE (five samples) in the same column followed by different letters are significantly different (P <0.05). Table 4 . Effect of exogenous application of sugars, a hexokinase inhibitor, an ABA biosynthesis inhibitor, and their combinations on the endogenous ABA level, ethylene evolution of shoot apices, and sex expression of cucumber plants Plants were grown under a 28°C/18°C (day/night) condition. Data represent the means of five samples for ABA and ethylene assay and 20 plants for the percentage of nodes with female flowers recorded. Means 6SE in the same column followed by different letters are significantly different (P <0.05). sucrose is probably due to its metabolic products glucose or fructose through the same pathway as mentioned above, since the induction was also attenuated by the HXK inhibitor and the ABA biosynthesis inhibitor (Table 4) . To date, little is known about the assimilate translocation from leaves to shoot apices in cucumber plants under low temperature conditions. Low temperature may affect the carbohydrate accumulation in the shoot apex in two different ways. On the one hand, cold treatment may inhibit both photosynthesis and assimilate translocation from the source leaf to the sink shoot apex (Miao et al., 2007; Xia et al., 2009) . On the other hand, low temperature may improve the carbohydrate levels by reducing the respiratory consumption (Hu et al., 2006) . In this study, the highest accumulation of sugars in the shoot apex was observed in a low temperature treatment during the second half of the night, which may be because the assimilate translocation to the shoot apex was completed within the first half of the night under normal temperature (Miao et al., 2007) , while the low temperature during the second half of the night efficiently reduced the respiratory consumption. A role for sugar accumulation in the shoot apex in floral induction has been suggested by several observations. Bodson and Outlaw (1985) revealed that plants induced to flower show an early accumulation of endogenous sucrose at the shoot apex. Roldán et al. (1999) also reported that exogenous sucrose treatment promotes flowering of Arabidopsis. In this study, the results indicate that cucumber femaleness was enhanced by the low temperature-induced sugar accumulation in the shoot apex, which may be a delicate mechanism by which monoecious cucumbers regulate their femaleness according to the resource levels.
The key role of ABA in HXK-mediated sugar signal transduction is well established, and it has been shown that high glucose signals promote ABA biosynthesis (Leó n and Sheen, 2003) . The data in this study further confirm previous results. The special localization of ABA in cucumber reproductive organs and its potential role in flower development has been demonstrated by Peng et al. (2006) . Rudich et al. (1972b) reported that exogenous application of ABA to the leaves of monoecious cucumber lines had no effect on the type of flowers, which is similar to what was observed in this study. Although the predominant role of ethylene in cucumber sex determination is well known, the detailed mechanism by which ethylene regulates the sex expression remains unclear. Ethylene may modify cucumber sex expression by simultaneously reprogramming several biochemical pathways, among which one pathway may be mediated by ABA. Under such conditions, the ABA-mediated pathway should be necessary, but increasing the ABA level alone would not be sufficient to alter cucumber sex expression.
The antagonistic relationship between the sugar and ethylene signalling pathways has been uncovered by the characterization of a series of Arabidopsis mutants. Basically, the ethylene overproduction or constitutive signalling mutants are glucose insensitive, while some ethyleneinsensitive mutants display glucose oversensitivity (Leó n and Sheen, 2003) . In addition, glucose signalling might affect ethylene pathways acting downstream of ETHYLENE RESPONSE 1 (Rolland et al., 2006; Hanson and Smeekens, 2009 ). However, the results revealed that exogenous sugar-or low temperature-induced sugar accumulation increased the expression of the ethylene synthesis gene Fig. 3 . Effect of exogenous application of sugars, hexokinase inhibitor, and ABA biosynthesis inhibitor on the relative mRNA levels of zeaxanthin epoxidase (ZEP; involved in ABA biosynthesis) and 1-aminocyclopropane-1-carboxylic acid synthase 2 (ACS2; involved in ethylene biosynthesis) in cucumber shoot apices. C, control plants were treated with 0.05% Tween-20 solution; S, 50 mM sucrose; G, 100 mM glucose; M, 10 mM mannose; 3-O, 50 mM 3-O-methylglucose; S+G, 50 mM sucrose+10 mM glucosamine; G+G, 100 mM glucose+10 mM glucosamine; ABA, 0.1 mM ABA; G+N, 100 mM glucose+0.01 mM nordihydroguaiaretic acid. Plants were grown under the 28°C/18°C (day/night) condition. The exogenous application and sample collection methods were the same as shown in Table 3 . Transcript amounts were normalized against 18S rRNA. The mean value of expression in control plants was set to 1. The data represent averages 6SE of three samples. Fig. 4 . Effect of exogenous application of a hexokinase inhibitor and an ABA biosynthesis inhibitor on the relative mRNA levels of zeaxanthin epoxidase (ZEP) and 1-aminocyclopropane-1-carboxylic acid synthase 2 (ACS2) of cucumber shoot apices. C, control plants were treated with 0.05% Tween-20 solution; G, 10 mM glucosamine, N, 0.01 mM nordihydroguaiaretic acid. Plants were grown under the 28°C/(6 h 18°C+6 h 12°C) (day/night) condition. The exogenous application and sample collection methods were the same as shown in Table 3 . Transcript amounts were normalized against 18S rRNA. The mean value of expression in control plants was set to 1. The data represent averages 6SE of three samples.
ACS2. The molecular bases of this regulation need further investigation.
Sugars regulate a range of important processes of plant metabolism, stress resistance, growth, and development (Rolland et al., 2006) . In this study, exogenous sugar applications induced not only plant femaleness but also other significant morphological changes, such as dark-green leaves and short internodes (data not shown), or even growth termination when high concentrations of sugars were applied (Supplementary Table S1 at JXB online). In addition, low night temperature treatments always downregulate the photosynthesis on the following days (Miao et al., 2009) and reduce hypocotyl length (data not shown). It would be interesting to investigate other physiological responses of plants to low temperature-induced sugar signalling.
Supplementary data
Supplementary data are available at JXB online. Figure S1 . Diurnal pattern of ethylene evolution from shoot apices of cucumber plants. Figure S2 . Diurnal pattern of sucrose in shoot apices of cucumber plants. Figure S3 . Diurnal pattern of glucose in shoot apices of cucumber plants. Table S1 . Concentration-dependent responses of plant growth and sex expression to the exogenous application of sugars and the hexokinase inhibitor glucosamine. Table S2 . Concentration-dependent responses of plant growth and sex expression to the exogenous application of ABA and the ABA biosynthesis inhibitor nordihydroguaiaretic acid (NDGA). 
